Stable photoinduced charge separation in nanostructured films containing a 1,4,5,8-naphthalenetetracarboxylic diimide and cytochrome c.
Photoinduced electron transfer between 1,4,5,8-naphthalenetetracarboxylic diimides (NDI) and the redox protein cytochrome c (cyt c) was studied in solution and in spin-coated thin films. The NDI derivatives employed in this study were N,N'-bis(butyl)-1,4,5,8-naphthalenetetracarboxylic diimide (BNDI) and N,N'-bis(2-phosphonoethyl)-1,4,5,8-naphthalenetetracarboxylic diimide (PNDI). Irradiation of the NDI in solution with UV light (365 nm), in the presence of cyt c, resulted in the reduction of the heme iron from the Fe3+ to the Fe2+ state. When PNDI and cyt c were co-deposited by spin-coating on quartz, glass, and silicon substrates, photoactive films were obtained. Exposition of the films to a UV lamp or natural sun light resulted in photoreduction of the protein, generating a stable charge-separated state. Thin films containing segregated layers of BNDI and cyt c were also prepared. Irradiation of these films, however, resulted in protein degradation. The results can be explained through the formation of imide radicals, which transfer an electron to cyt c in the co-deposited films. In the case of segregated films, protein photodegradation suggests the formation of singlet oxygen within the films.